Two patients with isolated neurogenic hypertrophy of the trapezius muscle due to accessory nerve injury and a patient with neurogenic hypertrophy of the anterior tibial muscle due to chronic radicular lesion L4 are described. Electromyography of the affected muscles showed dense continuing spontaneous discharges of complex potentials. Muscle biopsy performed in two patients showed abundant hypertrophic muscle fibres, identified in one case by ATP-ase reaction as being of predominantly type I. In the majority of previously reported patients with neurogenic muscle hypertrophy confined to the calf muscle, a passive stretch mechanism was suggested as a cause of the hypertrophy. It is assumed that the excessive spontaneous muscle activity gave rise to the hypertrophy in these patients. This may also be true in previously reported patients with neurogenic hypertrophy and similar spontaneous activity in electromyography.
described calf enlargement with chronic relapsing polyneuropathy. In his first report2 Lhermitte also commented on a soldier who experienced a thenar hypertrophy after a forearm injury, and neurogenic hypertrophy of the hand and forearm muscles with chronic relapsing inflammatory polyneuropathy has been described in a recent report. '6 Our three patients illustrate that neurogenic hypertrophy of muscles due to radicular or peripheral nerve lesions is not restricted to the calves and may also affect the trapezius and anterior tibial muscles. They suggest a common pathogenetic pathway for neurogenic muscle hypertrophy.
Case reports Patient I This 39 year old athletic man was involved in a head-on car collison nine years previously. He was wearing a seat belt and suffered only minor injuries. Subsequently he noticed increasingly painless wave-like muscle motions above his right shoulder. There was no weakness or sensory disturbance. The right trapezius muscle bulk gradually increased, and because oftwo episodes oftorticollis the patient sought medical advice. The family history for muscle or nerve disease was negative. The clinical examination showed normal cranial nerves, normal neck mobility, and symmetrical tendon jerks. The Babinski sign was negative. Motor and sensory functions, coordination, and gait were normal. Sweating was symmetrical. There was increased muscle bulk of his right trapezius muscle (fig 1) and frequent muscle twitching. General physical examination was normal. Laboratory tests such as erythrocyte sedimentation rate (ESR), white cell count (WCC), serum chemistries including glucose and calcium, and creatine phosphokinase (CPK) were unremarkable. Radiographs of the chest, shoulders, and scapulae and EKG were normal. CT (fig 2) of the cervico-thoracic region confirmed an increased size and decreased density ofthe right trapezius muscle.
Electrophysiological studies: electromyography of the right trapezius muscle showed continuous spontaneous activity at all sites as numerous mostly polyphasic and large potentials (peak to peak amplitudes of up to 1-2 mV) had an operation for a left lumbar 3/4 disc hernia and a spondylodesis. In the following years he had intermittent back pain radiating to his left thigh distally and medially and to his lower leg anteriorly and medially. Nonsteroidal anti-inflammatory drugs reduced the pain. At the age of 40, however, he experienced a substantial increase in discomfort, and for the first time noticed a gradually increasing swelling, lateral to his left tibia. Suspecting a muscle sarcoma, a biopsy was taken and was considered negative. CT showed an increased bulk of the anterior tibial muscle with a normal density ( fig 5) . One year later he was referred for further investigation since the muscle swelling was still increasing.
The clinical examination showed a painless swelling of the left anterior tibial muscle. Elevation of the left foot was slightly weaker than on the right side. The left knee jerk was decreased. The remaining tendon jerks were symmetric and brisk. The circumference of the thighs was equal, but the left lower leg measured 34 cm and the right only 32 cm. There were no other neurological abnormalities. Skin temperature was 32°C over both anterior tibial muscles ruling out an inflammatory process. ESR, WCC, electrolytes, glucose, creatinine, serum aspartate aminotransferase, alkaline phosphatase, and chest radiographs were normal. Serum alanine aminotransferase was 46 mU/ml (normal up to 27 mU/ml) and CPK was 159 mU/ml (normal up to 125 mU/ml).
The muscle biopsy specimens obtained a year earlier in another laboratory were revised. Only HE and van Gieson stains were available. The fibre size showed an abnormal variability. Hypertrophic fibres were present in large number, some with segmentation and an increased number of central nuclei. The aspect was non-specific and was considered consistent with both a myopathic process and with secondary myopathic changes due to a chronic denervation.
Electromyography of the left anterior tibial muscle showed continuing high and low frequency repetitive discharges of mostly polyphasic potentials at all sites in the relaxed muscle ( fig 6) . In addition, there were grouped discharges of regularly occurring bursts of several potentials. 3131 Muscle hypertrophy following nerve injury has been the subject of experimental work. 36 The phenomenon has been reported occasionally in humans''7 but rarely cited in textbooks. 37 All reported human cases of muscle hypertrophy due to radicular or peripheral nerve injuries were restricted to the calves except one of Lhermitte's cases. 2 Bernat and Ochoa proposed combined work-and stretch-induced post-denervation muscle hypertrophy as an explanation.8 They supported their hypothesis with biopsy findings from the gastrocnemius muscle. These showed changes of partial denervation and reinnervation, with small groups of type I and II atrophic muscle fibres and abundant hypertrophic fibres of both types but mostly type II. They postulated that, in addition to compensatory work-induced type II muscle fibre hypertrophy, there was an element of stretch-induced type I hypertrophy of denervated fibres. Such a condition has been well recognised experimentally but had not been documented previously.
The assumption of work-and stretchinduced hypertrophy of denervated fibres is not an entirely satisfactory explanation. If it was, then calf hypertrophy would be a much more common finding in longstanding S1 root lesions. The hypothesis might explain some of the effects on the calf muscles, which are the muscles most often used and stretched in the daily activities because of the upright posture of humans. Biopsy findings in two of our patients are compatible with this assumption and also with chronic denervation and reinnervation.38 However, the fact that in two ofour patients the trapezius muscle and in another patient the anterior tibial muscle were hypertrophied weakens the hypothesis of combined work and stretch as a major cause and raises the question of further pathogenetic factors.
In Electrical muscle activity normally reflects muscle fibre contraction. Therefore, when occurring excessively in a muscle, continuous spontaneous muscle activity may well give rise to hypertrophy, regardless of the anatomical location and function of the muscle. We therefore propose that the muscle hypertrophy was caused by the spontaneous activity. Such a pathogenesis has also been postulated in muscle hypertrophy of polyneuropathies with "pseudomyotonia".'9 33 3' Similarly, Valenstein et al" noted that a patient with chronic recurrent polyneuropathy showed the most spontaneous activity in those muscles which were hypertrophied. It could be assumed that the considerably hypertrophic muscle fibres in our biopsies were the ones which produced the spontaneous activity. It is interesting that in our specimen these were predominantly "tonic" type I fibres.
The clinician must be aware that isolated muscle hypertrophy can be a sign of partial peripheral nerve or root lesion, and it probably may occur in any skeletal muscle. Since neurogenic muscle hypertrophy is rare, focal myositis or primary muscle neoplasms might be suspected. This may lead to unnecessary, costly, and sometimes invasive investigations which could be avoided when the possibility of neurogenic hypertrophy is considered. The electromyographic finding in a hypertrophied muscle of profuse spontaneous activity confirms the diagnosis.
